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(54) Compressor bleed-air system 

(57) A compressor air bleed assembly (40) for a gas 
turbine engine includes a compressor casing surround- 
ing a row of circumferentially spaced compressor blades 
extending from a rotatable shaft and defining a flowpath 
(37) for receiving compressor airflow compressed by the 
blades. The casing includes a bleed port (41) disposed 
downstream of at least a row of the blades for receiving 
a portion of the compressed air as bleed airflow. A bleed 
duct, preferably in the form of an annular slot (52), ex- 
tends away from the bleed port (41 ) and has a first throat 
(134) downstream of the port and a second throat (136) 
downstream of the first throat (134). A first duct outlet 
(1 32) in the duct leads to a first bleed air circuit, receives 
a first portion (68) of the bleed airflow, and is disposed 
between the first and second throats (134 and 136). A 
second duct outlet (140) in the duct leads to a second 
bleed air circuit, receives a second portion (66) of the 
bleed airflow, and is disposed downstream of the sec- 
ond throat (136). In the preferred embodiment, the sec- 


ond throat (1 36) is smaller than the first throat (1 34) and 
the first throat (134) has a first throat area (142) sized 
such that at a maximum compressor bleed flow (35) to 
the first and the second bleed circuits a first Mach 
number (M1) at the first throat (134) is approximately 
equal to an average axial Mach number (MA) at a vane 
trails edge (TE) of an airfoil (116) directly upstream of 
the port. A second throat area (148) of the second throat 
(136) is sized such that during operation with a maxi- 
mum amount of the customer bleed flow portion (68) be- 
ing extracted the diffusion in the domestic bleed flow is 
not excessive i.e there is no separation along an aft sur- 
face (174) of the annular slot (52). In one particular em- 
bodiment, the first bleed air circuit is a customer bleed 
air circuit and the second bleed air circuit is a domestic 
bleed air circuit of the gas turbine engine and a valve is 
disposed in the customer bleed air circuit (62) down- 
stream of the first throat (134). 
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Description 

[0001] This invention relates to gas turbine engine 
compressor bleed and, more particularly, to bleed ports 
in the compressor for extracting two or more portions of i 
compressor air from a single stage of the compressor. 
[0002] Gas turbine engines, such as a bypass turbo- 
fan engine, bleed or extract air between stages of a mul- 
ti-stage axial compressor for various purposes. The ex- 
tracted air is often referred to as secondary air. Second- n 
ary air is usually required for turbine cooling, hot cavity 
purging or turbine clearance control and is often referred 
to as domestic bleed because it is used for the engine. 
Secondary air is also often required to pressurize the 
aircraft cabin and for other aircraft purposes and, is thus, f5 
referred to as customer bleed. Domestic bleed flow lev- 
els are generally a constant percentage of compressor 
flow (i.e. 2%), whereas customer bleed requirements 
typically vary (i.e. 0-10%). 

[0003] It is frequently desirable to have both customer 20 
and domestic bleed extracted from the same stage of 
the compressor, where the air has the desired pressure 
and temperature properties. This is, typically, desirable 
in a gas turbine engine having a low number of stages 
in the high pressure ratio compressor. The problem that 25 
this poses is to design a bleed system that allows the 
customer bleed to be modulated with minimal impact on 
the bleed pressure supplied to domestic bleed. If the do- 
mestic bleed pressure is allowed to drop below a thresh- 
old level, then, insufficient cooling air may be supplied 30 
to the hot section of the engine, resulting in decreased 
life on hot parts. 

[0004] Conventional engines are designed with the 
customer and the domestic bleed ports isolated at dif- 
ferent stages of the compressor and, thus, the domestic 35 
bleed pressure is relatively insensitive to the customer 
bleed rate. A high recovery bleed slot to supply both the 
customer and domestic bleeds has been used in en- 
gines with a low number of high pressure compressor 
stages. The problem with two bleed circuits using the ^0 
same slot and plenum is that the slot recovery and, 
hence, the plenum pressure is very sensitive to the level 
of customer bleed. 

[0005] At high levels of customer bleed, the bleed slot 
throat and exit Mach numbers become high and large 45 
dump losses are realized at the slot exit into the plenum. 
This significantly reduces the pressure available to the 
domestic bleed circuit. It is. thus, highly desirable to 
have a means for bleeding air from a compressor for 
two or more different air circuits, such as the customer so 
and domestic bleeds, and being able to modulate one 
of the circuits with minimal impact on the bleed pressure 
supplied to the bleed for the other circuit or circuits. 
[0006] According to the present invention, a compres- 
sor air bleed assembly for a gas turbine engine includes 55 
a compressor casing surrounding a row of circumferen- 
tially spaced compressor blades extending from a rotat- 
able shaft and defining a flowpath for receiving com- 


pressor airflow compressed by the blades. The casing 
includes a bleed port disposed downstream of at I ast 
a row of the blades for receiving a portion of the com- 
pressed air as bleed airflow. A bleed duct, preferably in 
the form of an annular slot, extends away from the bleed 
port and duct has a first throat downstream of the port 
and a second throat downstream of the first throat. A 
first duct outlet in the duct leads to a first bleed air circuit, 
receives a first portion of the bleed airflow, and is dis- 
posed between the first and second throats. A second 
duct outlet in the duct leads to a second bleed air circuit, 
receives a second portion of the bleed airflow, and is 
disposed downstream of the second throat. 
[0007] In a preferred embodiment, the second throat 
is smaller than the first throat and the first throat has a 
first throat area sized such that at a maximum compres- 
sor bleed flow to the first and the second bleed circuits 
a first Mach number M 1 at the first throat is approximate- 
ly equal to an average axial Mach number MA at a vane 
trails edge TE of an airfoil directly upstream of the port. 
A second throat area of the second throat is sized such 
that during operation with a maximum amount of the 
customer bleed flow portion being extracted the diffu- 
sion in the domestic bleed flow is not excessive i.e there 
is no separation along an aft surface of the annular slot. 
[0008] In one particular embodiment, the first bleed 
air circuit is a customer bleed air circuit and the second 
bleed air circuit is a domestic bleed air circuit of the gas 
turbine engine and a valve is disposed in the customer 
bleed air circuit downstream of the first throat. The first 
inlet leads to a first plenum in the first circuit and the 
second inlet leads to a second plenum in the second 
circuit. In a yet more particular embodiment, a diffuser 
is located between the second throat and the second 
duct outlet. The valve is preferably disposed in piping in 
the customer bleed air circuit downstream of the first ple- 
num. 

[0009] The foregoing aspects and other features of 
the invention are explained in the following description, 
taken in connection with the accompanying drawings 
where: 

FIG. 1 is a schematic cross-sectional view illustra- 
tion of a gas turbine engine having a high pressure 
compressor section with an exemplary embodiment 
of a multi-circuit bleed of the present invention. 

FIG. 2 is a schematic cross-sectional view illustra- 
tion of a gas turbine engine high pressure compres- 
sor section, as illustrated in FIG. 1, with an exem- 
plary embodiment of a multi-circuit bleed of the 
present invention. 

FIG. 3 is an enlarged simplified illustration of the 
multi-circuit bleed of the present invention illustrat- 
ed in FIG. 2. 

FIG. 4 is a generally aft and radially outward looking 
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perspective view illustration of an annular bleed slot 
in the multi-circuit bleed illustrated in FIG. 2. 

FIG. 5 is a generally circumferentially and radially 
outward perspective view illustration of segment of 5 
the annular bleed slot illustrated in FIG. 4. 

FIG. 6 is the schematic cross-sectional view illus- 
tration of the multi-circuit bleed illustrated in FIG. 1 
with approximate splitting streamline between do- 10 
mestic and customer plenums flows to the domestic 
and customer plenums in the bleed under engine 
operating conditions having a maximum bleed be- 
ing extracted from the customer plenum. 

15 

FIG. 7 is the schematic cross-sectional view illus- 
tration of the multi-circuit bleed illustrated in FIG. 1 
with approximate splitting streamline and recircula- 
tion zone between domestic and customer bleed 
flows to the domestic and customer plenums in the 20 
bleed under engine operating conditions having 
substantially no bleed being extracted from the cus- 
tomer plenum. 


FIG. 8 is a schematic cross-sectional view illustra- 25 
tion of a gas turbine engine high pressure compres- 
sor section with a second exemplary embodiment 
of the multi-circuit bleed of the present invention. 

[0010] Illustrated in FIG. 1 is an exemplary aircraft by- 30 
pass turbofan gas turbine engine 10. The engine 10 in- 
cludes a longitudinal centerline axis 8 and a convention- 
al annular inlet 1 2 for receiving ambient airflow 6. A con- 
ventional fan 14 is disposed in the inlet 12 and spaced 
radially outwardly from and surrounding the fan 14 is a 35 
fan casing 16 which in part defines a bypass duct 18 aft 
of the fan. An annular outer casing 26 surrounds a core 
engine 20 and the outer casing includes a leading edge 
splitter 24 which divides the ambient air flow 6 after it 
passes through the fan 14 into bypass air 22 flow which 40 
flows through the bypass duct and core engine airflow 
33 which flows through a core engine flowpath 37 of the 
core engine 20. The core engine 20 includes a high 
pressure compressor (HPC) 28, combustor 30, high 
pressure turbine (HPT) 32, and low pressure turbine 45 
(LPT) 34. The HPT 32 drives the HPC 28 through a first 
rotor shaft 36 and the HPC compresses the core engine 
airflow 33. The LPT 34 drives the fan 14 through a sec- 
ond rotor shaft 38. 

[0011] Referring to FIG. 2, disposed between inter- so 
mediate stages of the HPC 28 is a compressor bleed 
assembly 40 having a bleed port 41 between interme- 
diate axially adjacent first and second stages 42 and 46, 
respectively, such as fifth and sixth stages in the HPC 
of a CFM-56 aircraft gas turbine engine. In the preferred 55 
embodiment, the bleed port 41 is an inlet to a bleed duct 
in the form of an annular slot 52. The annular slot 52 is 
disposed circumferentially around the centerline axis 8 


(in FIG. 1) for extracting compressor bleed flow 35 from 
the compressor flow 51 in the compressor flowpath 50 
between the intermediate first and second stages 42 
and 46. The annular slot 52 is in fluid flow communica- 
tion with first and second plenums exemplified as cus- 
tomer and domestic bleed plenums 56 and 54, respec- 
tively. 

[0012] First and second bleed circuits, exemplified as 
customer and domestic bleed circuits 62 and 60, re- 
spectively, and denoted in FIG. 2 by domestic and cus- 
tomer outlets 61 and 63, respectively, from domestic 
and customer bleed plenums 54 and 56, respectively. 
The domestic and customer bleed circuits 60 and 62 are 
supplied with second and first portions of the compres- 
sor bleed flow 35, exemplified as a domestic and cus- 
tomer bleed flow portions 66 and 68, respectively. The 
domestic and customer bleed flow portions 66 and 68 
are flowed from the domestic and customer bleed ple- 
nums 54 and 56 to the domestic and customer bleed 
circuits 60 and 62 though domestic and customer bleed 
piping 72 and 74, respectively, as illustrated in FIG. 1. 
The domestic bleed flow portion 66 is generally supplied 
at a constant percentage of compressor flow of the core 
engine airflow 33 which is typically about 2 percent of 
the core engine airflow. The customer bleed flow portion 
68 typically varies during an aircraft mission or flight be- 
tween 0 and about 10 percent of the core engine airflow 
33. The customer bleed flow portion 68 is varied or mod- 
ulated by a valve 76 in the customer bleed piping 74. 
[0013] Referring to FIGS. 2, 3, 4, and 5, the interme- 
diate first and second stages 42 and 46, respectively, 
include first and second stator vanes 102 and 104 and 
first and second blades 106 and 108, respectively. First 
and second stator vanes 102 and 104 have first and sec- 
ond airfoils 116 and 118 that are fixedly attached to ra- 
dially outer first and second vane platforms 1 1 0 and 112, 
respectively. The first and second vane platforms 110 
and 112 are attached to an annular inner casing 117 and 
define a radially outer boundary of a compressor flow- 
path 50 containing compressor flow 51. An aft end 120 
of the first vane platform 110 is smoothed and rounded 
and extends away from the core engine flowpath 37 into 
the annular slot 52. The rounded, or curved, vane plat- 
form 1 1 0 reduces discontinuities as air flows through the 
annular slot 52. An annular bleed port splitter 53 of the 
annular slot 52 is disposed slightly radially inwardly of a 
radially outer tip 122 of the first airfoil 116. 
[0014] A first throat 134 is located in the annular slot 
52 near the annular bleed port. The customer bleed flow 
portion 68 is extracted from the compressor bleed flow 
35 through a first duct outlet which is a customer bleed 
outlet in the annular slot 52 illustrated as circular open- 
ing 132 located between the first throat 134 and a sec- 
ond throat 136 downstream of the first throat with re- 
spect to the compressor bleed flow 35 in the annular 
slot. Cylindrical passageways 130 in the annular inner 
casing 117 lead to the customer bleed plenum 56 from 
the customer bleed outlet. Each of the cylindrical pas- 
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sageways 1 30 extends from one of the circular openings 
132 in the annular slot 52. Downstream of the second 
throat 136 at a downstream end of the annular slot 52 
is second duct outlet which is a domestic bleed outlet 
from the annular slot, illustrated as an annular opening 5 
140 to the domestic bleed plenum 54. 
[0015] A short diffuser 141 is located downstream of 
the second throat 1 36 to improve the static pressure re- 
covery in the domestic bleed plenum 54. Illustrated in 
FIG. 8 is an annular diffusing slot 144 which is one al- 10 
ternative to the cylindrical passageways 130. 
[0016] A first throat area 142 of the first throat 134 is 
sized such that at the maximum combined bleed flow of 
both the domestic and customer bleed circuits 60 and 
62, which is the compressor bleed flow 35 which in turn 15 
is the sum of the domestic and customer bleed flow por- 
tions 66 and 68, a first Mach number M1 at the first throat 
is approximately equal to the average axial Mach 
number MA at a vane trailing edge of the first airfoil 1 1 6. 
A second throat area 148 of the second throat 136 is 20 
sized such that during operation with a maximum 
amount of the customer bleed flow portion 68 being ex- 
tracted the diffusion in the domestic bleed flow is not 
excessive i.e there is no separation in the annular slot 
52 along the aft surface 174 of the annular slot. The sec- 25 
ond throat area 148 is always less than the first throat 
area 142. 

[0017] The major benefit of the present invention is 
that the recovery of the stator trailing edge dynamic 
head of the compressor bleed flow 35 at a trailing edge 30 
TE of the first airfoil 116 (of the first stator vane 102) 
from the domestic bleed flow portion 66 in the domestic 
bleed plenum 54 substantially independent of the 
amount of the customer bleed flow portion 68 extracted 
from the compressor bleed flow 35 and into the custom- 35 
er bleed plenum 56 for the customer bleed circuit 62. 
Furthermore, because the annular bleed port 41 is being 
purged at all times, the chance for backflow to occur 
from the annular bleed port back into the compressor 
flowpath 50 under circumferentially varying static pres- 40 
sure conditions is minimized. Circumferentially varying 
static pressure conditions typically occur when the com- 
pressor is operating with circumferential inlet distortion. 
[0018] Referring to FIG. 5, a plurality of axial vanes 
170 extend up from the aft surface 174 towards a for- 45 
ward surface 176 of the slot 52. There is a gap 178 be- 
tween the axial vanes 170 and the forward surface 176 
of the slot 52. The axial vanes 170 prevent or discourage 
flow in a circumferential direction in the slot 52. The gap 
178 is to accommodate thermal growth. A plurality of 50 
bumpers 180 extend between radially inner and outer 
portions 1 82 and 1 84, respectively, of the annular inner 
casing 1 1 7 to maintain concentricity of the radially inner 
and outer portions and the annular opening 140. 
[0019] FIG. 6 illustrates how the compressor bleed ss 
assembly 40 operates with a maximum amount of the 
customer bleed flow portion 68 being extracted through 
the customer bleed plenum 56 for the customer bl ed 


circuit 62. The dotted line represents th approximate 
splitting streamline 158 between the domestic and cus- 
tomer bleed flow portions 66 and 68, respectively. This 
provides a reasonable flow area distribution and good 
dynamic pressure recovery from the domestic bleed 
flow portion 66 in the domestic bleed plenum 54. The 
flow area distribution into the customer bleed plenum 56 
is reasonable although a fairly high turning loss will re- 
sult from the cylindrical hole configuration illustrated 
herein. 

[0020] FIG. 7 illustrates how the compressor bleed 
assembly 40 operates with substantially none of the 
customer bleed flow portion 68 being extracted through 
the customer bleed plenum 56 and used for the custom- 
er bleed circuit 62. In this case, the compressor bleed 
flow 35 separates from the forward surface 176 of the 
slot 52 and a stable trapped vortex 160 is formed as a 
result of the rapid area convergence into the second 
throat 136. A blockage due to the vortex 160 reduces 
an effective area of the first throat 134 and creates a 
false wall diffuser 164 having a reasonable area distri- 
bution and providing good dynamic pressure recovery 
from the domestic bleed flow portion 66 in the domestic 
bleed plenum 54. 

[0021] For completeness, various aspects of the in- 
vention are set out in the following numbered clauses:- 

1. A compressor air bleed assembly (40) for a gas 
turbine engine (10) comprising: 

a compressor casing for surrounding a row of 
circumferentially spaced compressor blades 
extending from a rotatable shaft and defining a 
flowpath (37) for receiving compressor airflow 
compressed by said blades; 
said casing including a bleed port (41 ) disposed 
downstream of at least a row of said blades for 
receiving a portion of said compressed air as 
bleed airflow; 

a bleed duct (52) extending away from said 
bleed port (41), said bleed duct having a first 
throat ( 1 34) downstream of said port and a sec- 
ond throat (1 36) downstream of said first throat 
(134); 

a first duct outlet (1 32) in said duct leading to a 
first bleed air circuit (62), said first duct outlet 
for receiving a first portion of said bleed airflow, 
and said first duct outlet disposed between said 
first and second throats (134 and 136); and 
a second duct outlet (140) in said duct leading 
to a second bleed air circuit (60), said second 
duct outlet for receiving a second portion of said 
bleed airflow, and said second duct outlet dis- 
posed downstream of said second throat (1 36). 

2. An assembly according to clause 1 wherein said 
second throat (136) is smaller than said first throat 
(134). 
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3. An assembly according to clause 1 wherein said 
first throat (134) has a first throat area (142) sized 
such that at a maximum compressor bleedflow (35) 
to said first and said second bleed circuits (60 and 
62) a first Mach number (M1) at said first throat 5 
(134) is approximately equal to an average axial 
Mach number (MA) at a vane trailing edge (TE) of 
an airfoil (116) directly upstream of said port. 

4. An assembly according to clause 3 wherein said 10 
bleed duct (52) further comprises an aft surface 
(174) and a forward surface (176) and said second 
throat (136) has a second throat area (148) sized 
such that during operation with a maximum amount 

of the customer bleed flow portion (68) being ex- 15 
tracted there is no separation along said aft surface. 

5. An assembly according to clause 1 wherein said 
bleed duct is an annular slot (52). 

2 

6. An assembly according to clause 1 wherein said 
first bleed air circuit (62) is a customer bleed air cir- 
cuit and said second bleed air circuit (60) is a do- 
mestic bleed air circuit of the gas turbine engine 
(10). 2t 

7. An assembly according to clause 6 further com- 
prising a valve (76) disposed in said customer bleed 
air circuit (62) downstream of said first throat (134). 

8. An assembly according to clause 7 wherein said 
first throat (134) has a first throat area (142) sized 
such that at a maximum compressor bleedflow (35) 
to said first and said second bleed circuits (60 and 

62) a first Mach number (M1) at said first throat 35 
(134) is approximately equal to an average axial 
Mach number (MA) at a vane trailing edge (TE) of 
an airfoil (116) directly upstream of said port. 

9. An assembly according to clause 8 wherein said 40 
annular slot (52) further comprises an aft surface 
(174) and a forward surface (176) and said second 
throat (136) has a second throat area (148) sized 
such that during operation with a maximum amount 

of the customer bleed flow portion (68) being ex- *s 
tracted there is no separation along said aft surface. 

10. An assembly according to clause 9 wherein said 
bleed duct is an annular slot (52). 

50 

11. An assembly according to clause 10 wherein 
said first inlet leads to a first plenum (56) in said first 
circuit (62) and said second inlet leads to a second 
plenum (54) in said second circuit (60). 

55 

12. An assembly according to clause 11 further 
comprising a diffuser (141) located between said 
second throat (136) and said second duct outlet 


(140). 

13. An assembly according to clause 11 wherein 
said valve (76) is disposed in piping (74) in said cus- 
tomer bleed air circuit (62) downstream of said first 
plenum (56). 

14. An assembly according to clause 13 wherein 
said annular slot (52) further comprises an annular 
bleed port splitter (53) disposed slightly radially in- 
wardly of a radially outer tip (122) of said airfoil 
(116). 

15. An assembly according to clause 14 further 
comprising a diffuser (141) located between said 
second throat (136) and said second duct outlet 
(140). 

16. An assembly according to clause 11 wherein 
said first duct outlet comprises a plurality of circular 
openings (132) and said assembly further compris- 
es a plurality cylindrical passageways (130), each 
of said cylindrical passageways extending from one 
of said circular openings (132) to said first plenum 
(56). 

17. An assembly according to clause 16 wherein 
said first duct outlet (1 32) comprises an annular dif- 
fusing slot (144). 

18. An assembly according to clause 17 wherein 
said second duct outlet (140) comprises an annular 
opening (140). 

19. An assembly according to clause 18 further 
comprising a diffuser (141) located between said 
second throat (136) and said second duct outlet 
(140). 

20. An assembly according to clause 19 wherein 
said valve (76) is disposed in piping (74) in said cus- 
tomer bleed air circuit (62) downstream of said first 
plenum (56). 

21. An assembly according to clause 20 wherein 
said annular slot (52) further comprises an annular 
bleed port splitter (53) disposed slightly radially in- 
wardly of a radially outer tip (122) of said airfoil 
(116). 


Claims 

1 . A compressor air bleed assembly (40) for a gas tur- 
bine engine (10) comprising: 

a compressor casing for surrounding a row of 
circumferentially spaced compressor blades 
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extending from a rotatable shaft and defining a 
flowpath (37) for receiving compressor airflow 
compressed by said blades; 
said casing including a bleed port (41 ) disposed 
downstream of at least a row of said blades for 5 
receiving a portion of said compressed air as 
bleed airflow; 

a bleed duct (52) extending away from said 
bleed port (41), said bleed duct having a first 
throat (1 34) downstream of said port and a see- 10 
ond throat (1 36) downstream of said first throat 

(134); 

a first duct outlet (132) in said duct leading to a 
first bleed air circuit (62), said first duct outJet 
for receiving a first portion of said bleed airflow, 15 
and said first duct outlet disposed between said 
first and second throats (134 and 136); and 
a second duct outlet (140) in said duct leading 
to a second bleed air circuit (60), said second 
duct outlet for receiving a second portion of said 20 
bleed airflow, and said second duct outlet dis- 
posed downstream of said second throat (136). 


2. An assembly according to claim 1 wherein sard sec- 
ond throat (136) is smaller than said first throat 25 
(134). 

3. An assembly according to claim 1 wherein said first 
throat (1 34) has a first throat area (142) sized such 
that at a maximum compressor bleed flow (35) to 30 
said first and said second bleed circuits (60 and 62) 

a first Mach number (M1) at said first throat (134) is 
approximately equal to an average axial Mach 
number (MA) at a vane trailing edge (TE) of an airfoil 
(116) directly upstream of said port. 35 

4. An assembly according to claim 3 wherein said 
bleed duct (52) further comprises an aft surface 
(174) and a forward surface (176) and said second 
throat (136) has a second throat area (148) sized 40 
such that during operation with a maximum amount 

of the customer bleed flow portion (68) being ex- 
tracted there is no separation along said aft surface. 

. An assembly according to claim 1 wherein said 45 
bleed duct is an annular slot (52). 

. An assembly according to claim 1 wherein said first 
bleed air circuit (62) is a customer bleed air circuit 
and said second bleed air circuit (60) is a domestic 50 
bleed air circuit of the gas turbine engine (10). 


that at a maximum compressor ble d flow (35) to 
said first and said second bleed circuits (60 and 62) 
a first Mach number (M1) at said first throat (134) is 
approximately equal to an average axial Mach 
number (MA) at a vane trailing edge (TE) of an airfoil 
(116) directly upstream of said port. 

9. An assembly according to claim 8 wherein said an- 
nular slot (52) further comprises an aft surface (1 74) 
and a forward surface (1 76) and said second throat 
(136) has a second throat area (148) sized such that 
during operation with a maximum amount of the 
customer bleed flow portion (68) being extracted 
there is no separation along said aft surface. 

10. An assembly according to claim 9 wherein said 
bleed duct is an annular slot (52). 


An assembly according to claim 6 further compris- 
ing a valve (76) disposed in said customer bleed air 
circuit (62) downstream of said first throat (134). 55 

An assembly according to claim 7 wherein said first 
throat (134) has a first throat area (142) sized such 
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